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One of the main objectives of the LHD is to extend the 
plasma confinement database for helical systems. Among 
the various plasma parameter regimes, the study of confine-
ment properties in the collisionless regime is of particular im-
portance since neoclassical transport theory predicts that the 
plasma confinement in helical devices is degraded in the low 
collisional regime, but it also also predicts that this degrada-
tion can be mitigated by the presence of a radial electric field 
[1,2]. 
A high central electron temperature (TeO exceeding 10 
ke V) has been achieved by direct local ECH using a strongly 
focussed Gaussian beam at the fundamental and second har-
monic resonances. The microwave sources used are two 
84 GHz collector potential depression (CPD)-type gyrotrons, 
two 82.7 GHz non-CPD gyrotrons, and three 168 GHz CPD 
gyrotrons. Each gyrotron delivers 100-400 kW microwave 
power into the LHD. Figure 1 shows the injection beam, 
Mod-B contours, and flux surfaces in the vertically elongated 
poloidal cross section. Two sets of upper beams, one lower 
beam from a vertical antenna, and two beams from horizontal 
antennas are used. 
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Figure 1: Flux surfaces and mod-B contours in the LHD at 
vertically elongated cross section. Injected microwave beam 
from upper and lower antennas are shown with the beam 
waist-size in scale. 
The magnetic field strength and the configuration are se-
lected to have a power deposition as nearly on axis as possi-
ble. The selected magnetic axis is 3.53 m and the toroidally 
averaged magnetic field strength on the axis is 2.951 T. The 
expected power deposition profile estimated by ray tracing, 
including the weakly relativistic effect, indicates that almost 
all of the injected power from the upper and lower anten-
nas are concentrated within an averaged minor radius of p ;:::; 
0.2. Figure 2 a) shows the time evolution of the injected to-
tal power, the electron density, and the stored energy for the 
highest central electron temperature achieved so far in the 
LHD. Almost 1.2 MW ECH power is concentrated inside p 
;:::; 0.2. 
The two 84 GHz gyrotrons injected 0.7 MW to produce 
and heat the plasma. After the density and the stored energy 
had attained a quasi- steady state, the 168 GHz and 82.7 GHz 
power are added simultaneously. Although no additional gas 
puff is supplied, the density keeps increasing slightly. A high 
power YAG-Thomson scattering system is used at the times 
indicated by the arrows in Fig. 2 a). The electron temper-
ature profiles are shown in Fig. 2 b). The profile is already 
sharp in the phase when only the 84 GHz power is injected. 
The 82.7 GHz power raises the central electron tempera-
ture to more than 10 ke V. These high electron temperature 
modes appear only when the injected power exceeds a cer-
tain threshold level, and this threshold level increases with 
the electron density. The electron temperature profile shows 
a steep temperature gradient which resembles those found 
in the plasmas with an internal transport barrier [1,2]. The 
presence of the threshold power and its dependence on the 
electron density and focal points are also observed. 
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Figure 2: a)Time evolution of injected ECH power (upper), 
electron density (middle), and stored engergy (bottom). b) 
T e profile measured at each time point indicated by the arrow 
in a). 
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